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VITAMIN A ACID EFFECTS ON EPIDERMAL MITOTIC ACTIVITY, THICKNESS 
AND CELLULARITY IN THE HAIRLESS MOUSE* 
JOHN STEFAN ZIL, B.S.t 
ABSTRACT 
Epidermal mitotic activity, thickness, and cellularity were measured in a blind study of 
se rial biopsies after several different application schedules of vitamin A acid to hairless 
mice . A s ingle dorsal appli cation increased the mitoti c index by two hours (P < 0.005), the 
thickness of the basal and prickle layers by fifty hours (P < 0.005), and the number of cells 
per unit length of epidermis by seventy-four hours (P < 0.0125) as compared to vehicle 
controls and the no-treatment contro ls. The rapidity of mitoti c response, which was not 
seen wi th vitamin A a lcohol, along with other evidence, suggests an ini tial stimulation of a 
ce ll population in G2 • 
It is well established that adequate dietary vi-
tamin A is necessary for general epithelial main -
tenance, and t hat a dietary deficiency produces 
xerophthalmia, follicular hyperkeratos is, keratini -
zation of ha ir folli c les and atrophy of sebaceous 
glands (1). These observations led to the clinical 
investigation of vitamin A in various chemica l 
forms as "anti-keratinizing factors" for hyperker-
atotic states such as ichthyosis. Work with the 
acetate and a lcoho l forms showed that these pro-
duce hypertrophy of the stratum germinat ivum 
(2), but the clinical effects were not outstanding. 
More recently, the acid form of vitamin At was 
found more useful in certain dermatological disor-
ders (3-8), including psorias is (4). This is sur-
prising s ince the effects of vitamin A acid have 
been described as " psorias iform" (9), produc ing 
pyknotic nuclei and foa my vacuolization with 
mucoid material in subcorneal cells, parakerato-
s is, acanthosis, papillomatos is, orthohyperkera-
t ini zation, a nd increased DNA synthesis. It is 
a lso surprising that the acid form shou ld be t he 
most effective since vitamin A ac id penetra tes 
on ly one-tenth as well as the acetate through the 
epidermis of humans and hairless mice (10) . 
It has been shown in some tissues that vitamin 
A acid produces effects different from those of 
other forms of the vitamin (11, 12). However, 
work to date has not suggested any unique effects 
of the acid form on the epidermis. While vitamin 
A acid quickly produces hyperplasia (13), an in -
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creased turnover rate (13, 14), mucous metaplasia 
and inhibition of keratin formation (15, 16) , these 
effects a re also seen with aceta te (2, 17) , a lcohol 
(2, 18, 19) a nd the palmitate forms (20, 21). 
Searching for an explanation of the greater bio-
logic response to topical vitamin A acid as com-
pared to other forms of vitamin A, we decided to 
quantitate effects of topically app lied vitamin A 
acid on mitotic activity, the thickness of the pro-
liferative layers, a nd the number of cells per unit 
length of hairless mouse epidermis. These resul ts 
are compared with vitamin A alcohol, vehicle 
controls, and no-treatment controls. 
MATERIALS AND METHODS 
The > 99% trans-vitamin A a lcohol and acid crystal-
line preparations, kindly provided by Hoffmann-La 
Roche, were refrigerated. The vitawin A alcohol, which 
is less stable than other forms of the vitamin , was addi-
tionally stored in evacuated containers to avoid oxida-
tion . Vitamin A alcohol and acid solutions were pre-
pared fresh for each experiment as 0.21% and 0.31% 
weight/volume, respectively, in absolute ethanol (0.1 cc 
of either solution = 700 IU vitamin A; i.e., equivalent 
doses by bioassay). 
Only male, randomly bred 7- 8 month old hairless 
mi ce were used in order to avoid female estrous cycle-
related mitotic va riation (22). The mice were kept in 6 
a.m. to 6 p.m . li ghting, 24 °-26° C, ambient relative 
humidity of 65-85%, and fed ad libitum Wayne Lab 
Blox F6 diet whi ch conta ins 15 IU vitamin A/g, and 
rechlorinated tap water. Cage lining material (fine wood 
shav in gs) was chosen to minimize non-specific trauma 
due to particles of bedding adhering to damaged areas 
of skin . 
Experiment A . 12 mice born on the same day were 
divided among one treated and two control group . 
Four mice were painted on the dorsum with 700 lU Yi-
tamin A acid solu tion at 2 p.m. The skin was allowed to 
air-dry before returning the mice to their cage. The ve-
hicle-control mice were treated by the same schedule, 
and the no-treatment control mice were housed in the 
sa me environment. Three to five mm. biopsies were 
taken from the unanesthetized dorsum by lift ing a fold 
of skin with a needle and excising this with a scalpel 
blade. These were taken daily at 4 p.m.; i.e., two hours 
afte r the single trea tment on day "0," then at 24-hour 
intervals to avoid diurnal variation (23). Such serial 
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FIG. 1. Experiment A: Mitotic activity. See text for 
explanation. Each point represents t.he mean ± 
standard error of forty -eight sections from biopsies of 
four animals, except at two hours when each point rep-
resents ninety-six sections from biopsies of eight ani-
mals, as in Figures 2-4. 
biopsying has been shown not to significantly affect 
mitotic activity (24), which was reconfirmed here for 
mitotic activity, epidermal thickness, and number of 
cells present (see curves for no-treatment controls in 
Figs. 1-3). The afternoon biopsy schedule was selected 
because mitotic act ivity remains relatively constant 
during that time period. 
Experiment B. 700 IU vitamin A acid were app lied at 
2 p.rn. for three successive days. Biopsies were again 
taken daily from day "0" at 4 p.m. for seven days. 
Experiment C. Experiment C was designed identi -
cally to experiment A, including controls, except that 
700 IU vitamin A alcohol was substituted for the acid 
fo rm . 
All biopsies were fixed in Davidson's solution, then 
dehydrated, cleared, infil trated, and embedded in par-
affin blocks by standard techniques (25) . Transverse 7 
micron sections were cut from the paraffin blocks and 
stained with Harris ' hematoxylin and eosin. Forty-eight 
sections were examined from a total of four biopsies for 
each data point, except for the two-hour biopsies of vi-
tamin A acid-treated mice for which the group size was 
doubled. The number of viable epidermal cells was 
counted under oil immersion ( x 1000) within the eye-
piece reticle. A "unit length" of epidermis is defined as 
7.25 microns. Mitotic figures were counted and the mi -
totic index expressed as mitoses per thousa nd viab le 
interfollicular epidermal cells. 
Epidermal thickness was a lso measured using the 
eyepiece reticle as the unit of measure. The basal and 
prickle layers (the viable epidermal layers) were meas-
ured together. 
The mean and standard error were calculated, and 
the standard Fisher test (F-test) of ratios of variances 
was performed to determine sign ificant difference. 
OBSERVATIONS 
The initia l gross change after daily application 
of 700 IU of v itamin A was erythema, seen fifty 
hours after treatment with vitamin A acid, and 
after ninety-eight hours with vitamin A a lcohol. 
The earliest exfoliation was seen by seventy-four 
hours using either vitamin A acid and vitamin A 
alcohol. 
Histology of the areas receiving three ap plica-
tions of vitamin A acid showed parakeratosis as 
early as twenty-six hours, compared with vitamin 
A a lcohol which showed parakeratosis only after 
fifty hours, and then to a lesser extent. 
Statis tical a nalys is showed that a single appli-
cation of vitamin A acid in experiment A ele-
vated the mitotic index by two hours. This in-
creased mitotic activity was highly significant (P 
< 0.005) for al l times through seventy-four hours, 
after which the effect declined (Fig. 1). The first 
significant acanthosis after a single vitamin A 
acid application was at fifty hours (P < 0.005, 
Fig. 2); while the number of cells present pe r unit 
length was significantly increased by ninety -eight 
hours (P < 0.025, Fig. 3). Three applications of 
vitamin A acid in experiment B a lso increased 
the mitotic index , which plateaued at about five 
mitoses per t housand viable cells until the mice 
began dying 122 hours after initiation of the treat-
ment (Fig. 4). 
The a lcohol form of vitamin A also statistically 
significantly increased the mitoti c index (experi-
ment C, Fig. 5) , but not until twenty-six hours. 
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Frc. 2. Experiment A: Thickness of proliferative 
layers. 
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FrG. 3. Experiment A: Ce llularity of proliferative 
layers. 
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FrG. 5. Experi ment C: Mi totic activity. Each point 
represents forty-e ight sections from four animals. 
DISCUSSION 
Diffe rent chemica l forms of vita min A vary 
considerably in bioassayab le " potencies." In order 
to avoid biasing our ex periments by giv ing ident i-
cal milligra m or mole doses, we chose to give 
equi va len t bioassay doses of the ac id and alcohol 
forms. T he standard bioassay, upon wh ich the 
vitamin A In ternational Uni t has been deter-
mined , is base d on rat eye defi ciency- replace ment 
in vivo. If t he various chemical forms are proc-
essed diffe ren t ly by epiderma l cells, t his method 
of determining clin ical equi va len cy may be inade-
quate. Further work will have to cla ri fy this point. 
T he vehicle a lone (0. 1 cc abso lu te ethanol) p ro-
duced a mild and t ransient mitotic increase in 
some of these experim en ts (Figs. 1 a nd 4) with 
subsequent s light acant hosis (Fig. 2), which was 
not uni fo rmly observed (Fig. 5). Where other 
workers have used vehicle controls, epidermal 
hypert rophy or acan t hosis has been reported wi t h 
the vehicle a lone (2, 13, 18). T he hypertrophy 
reported wit h a 95% a lcohol vehicle, comparab le 
to the absolu te etha nol vehicle of this study, was 
described as " mild ," and wi thout evidence of ce l-
lula r da mage which has been seen with some of 
t he other vehicles (2) . 
Although the usual finding a fter various manip-
ulations of t he epidermis (such as woundin g) is 
decreased mi totic activity in the first few hours 
(26-30) , or a considerable lag period before a mi-
totic increase (31-37), several studies have shown 
very earl y mi toti c in creases (17, 38-41). Of partic-
ular in terest is Sherma n 's finding (17) that treat-
ment of vita min A depleted rats wit h vitamin A 
acetate in " physiologica l a moun ts" (10- 100 J.lg, or 
29-291 IU) produced a n increased mitotic index 
by four hours. Other than the presen t study, only 
Sherman 's resul ts were statistically significan t (P 
< 0.05), t he others not having analyzed the resu lt 
at this short t ime in terval. 
What is t he signifi can ce of t he ea rly mitotic 
in crease? We sha ll consider three kinetic ex plana-
t ions: Cells a re being stimulated from a pre-G 2 
phase (i.e., G 0 , G , , or S) to en ter G 2 a nd then M; 
more cells a re direc tly en tering from G 2 in to M; 
or ce lls a re rema ining fo r a longer t ime in M , thus 
contribut ing to a higher mitotic coun t. 
The T able shows the percen tage of max imum 
effect 0f vi ta min A ac id on epiderma l kinetics, 
relative to the vehicle con trols. Vari ous parame-
ters reach their max imum levels at d ifferent 
t imes. First the epiderma l thi ckness peaks at fifty 
hours. S ince t he number of cells is not yet propor-
t ionately increased , the cells must be getting 
la rger. Pinkus (38) stated a generation ago, 
"There is a progressive increase of the th ickness 
of the epiderm is and of the diameters of the basal 
nuclei up to t he point when mitoses become more 
numerous." The .maximum mitotic index at 74 
hours is followed by a max imum number of cells 
at 98 hours suggesting t ha t the mi totic index in-
crease actua lly re presen ts a n in crease in t he 
number of ce lls di viding, a nd not an increase in 
t he t ime that cells rema in in M . 
T he very ea rly increase in mitotic activity (at 
two hours) suggests that these cells a re unlikely to 
be coming from the S phase or ea rlier . T his is 
simila r to the findin g of Evensen (39) and Gelfant 
( 40) who showed that mi totic fi gures appearing 
T ABLE 
Effec t of topical vitam in A acid 700 IU in ethanol 
All nu111bers nrc pe rcentages of 
mnximum increase• 
T ime (hours) Th ickness 
(busu / + M itoses (per Cells (per un it 
ricklc 10' cells) length) 
nycrn) 
2 0 30 0 
26 20 40 10 
50 100 50 30 
74 80 100 20 
98 80 10 100 
122 30 0 40 
146 20 0 30 
170 30 30 20 
*Thus, "0%" indicates no increase, and 100% indi-
cates the maximum increase over vehicle controls. 
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one hour after stimulation did not incorporate a 
DNA label, which they should have had the cells 
originated from the S phase. In other words, the 
cells were already past S, and were in G 2 or M a t 
the time of stimula tion . Thus, the early rise in 
mitotic index after vitamin A acid treatmen t 
appears to be due to cells from a late premitotic 
phase, probably G2 • 
Since there was a six month lag between exper-
iments A and C, the difference in the no-treat -
m ent controls at two hours (Figs . 1 and 5) may be 
due to a seasonal variation in mi tot ic activi ty 
which has been demonstrated for hairless mice 
(42). 
A single application of vi tamin A acid in-
creased the mitoti c index about ten-fold at sev-
enty-four hours. The magnitude of the plateau 
maximum after multiple application was only 
about five-fold over controls. That the magnitude 
is less may be due to toxi city since mice eventu-
a lly die on this regimen. This " pla teau" effect 
was also seen with an experiment (13) using 
gu inea pig ea r epidermis where treating with vi-
ta min A acid produced hyperplasia which pla -
teaued very quickly after repeated treatment. 
Also, " physiological " amounts of vita min A ace-
tate (17) stimulate mitotic activi ty, while "ex-
t re mely toxic" amoun ts inhibit act ivity. 
The clinical effects of vitamin A acid are en-
t irely opposite to those predictable from penetra-
tion studies. This study presents data which sug-
gest t hat a t least one unique effect of the acid 
form of vitamin A may be to stimula te a G 2 cell 
population in the epidermis, while at the same 
t ime to provide a prolonged mitotic stimulus by 
affecting other cell populations. The alcohol form 
of vitamin A appears to provide only the pro-
longed stimulus. 
I w ould like to express my a ppreciation to Louis B. 
Fisher , Ph.D. for his assistance in reviewin g the experi -
mental work. 
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